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A  SURVEY  OF  SOME  HUMAN  FACTOR  PROBLEMS  IN  NIGHT  OPERATIONS 


I .  INTRODUCTION. 

Swarms  of  Soviet  tanks  under  an  umbrella  of  fighter-bombers  pouring 
Into  Western  Europe  to  be  met  by  NATO  tanks,  guns,  and  aircraft  has 
been  the  western  military  conception  of  a  major  conventional  war.  This 
picture  is  likely  to  change  dramatically  as  a  result  of  the  development 
of  precision-guided  weapons,  remotely  controlled  unmanned  aircraft,  high- 
energy  laser  beams,  and  other  advanced  technology  weaponry. 

Military  doctrine  is  being  reexamined  and  in  some  instances  revised, 
as  a  result  of  large-scale  deployment  of  new  weapons  by  the  Soviet  Union 
and  its  chief  allies  in  the  Warsaw  Pact,  and  by  the  United  States, 

Britain,  France,  and  West  Germany.  The  new  arms  with  their  increasing 
accuracy,  range,  and  daadllneas  have  altered  conventional  military 

wisdom.  Some  tentative  concluaions  about  these  and  other  new  weapon  f 

systems  on  future  tactics  are  emerging.  j 

One  conclusion  ia  that  the  new  weapons  probably  will  restrict  the  j 

freedom  of  operation  of  tha  combat  arms.  It  ia  axiomatic  that  with 
these  new  weapons,  what  can  be  seen  by  remote  sensors  or  by  the  eye,  can 
be  hit,  and  what  can  be  hit  probably  will  be  destroyed. 

Consequently,  concentrations  of  men  or  weapons  are  highly  dangerous; 
there  must  be  greater  emphasis  on  concealment  through  camouflage,  smoke¬ 
screens,  and  night  operations  for  armor,  artillery,  and  infantry. 

Clearly  the  usefulness  of  almost  all  the  new  weapons  at  night  is  sharply 
reduced . 

Another  conclusion  is  that  with  increased  probability  of  destruction, 
militi  y  doctrine  will  stress  nightime  access  to  the  battlefield.  With 
new  precision-guided  weapon* ,  unite  of  only  three  or  four  men,  on  foot 
or  in  jeeps,  can  affect  the  battle.  Such  unite,  dispersed  and  operating 
under  nighttime  conditions,  would  be  in  a  position  to  blunt  hostile 
armored  attacks. 

Several  students  of  the  new  weapon  technology  have  stressed  that  the 
changing  conditions  of  war  will  tend  to  make  military  night  operations 
much  more  common  in  tha  future.  In  that  spirit,  we  have  formulated  a 
brief  description  of  the  behavioral  problems  in  military  night  opera¬ 
tions  aa  they  may  apply  to  operational  settings.  The  descriptions  were 
derived,  some  directly  and  others  inferentially ,  from  military  sources 
dealing  with  the  problems  of  night  operations. 

The  presentation  of  the  material  in  this  report,  however,  reflects 
our  perception  of  the  importance  of  the  topics  discussed.  Thus  the 
problem  of  night  mobility  is  viewed  as  primary  with  night  vision  an 
important  interacting  factor.  The  brief  treatment  of  stress  as  related 
to  night  operations  is  less  a  reflection  of  importance  then  it  is  of  a 
relative  paucity  of  data  to  report. 


ARI  Rtf  77-4 
11.  THE  PROBLEM 


Military  operations  and  current  tactical  doctrine  emphasize  the 
Importance  of  both  night  and  day  operations.  The  advantage  of  a  24-hour 
capability  for  the  soldier  emphasizes  the  importance  of  studies  in  night 
operations  and  the  behavioral  skills — sensory,  motor,  and  cognitive — 
that  underlie  successful  performance. 

Military  night  operations  basically  depend  upon  the  ability  of  the 
individual  soldier  to  accomplish  successfully  his  assigned  task.  In 
recent  years,  emphasis  nas  been  placed  on  the  development  of  devices 
that  externally  aid  night  vision  capability.  The  use  of  such  devices 
under  reduced  illumination  has  extended  the  concept  of  continuous  mili¬ 
tary  operations. 

However,  in  spite  of  such  devices,  it  is  difficult  to  provide  visual 
cues  through  the  instruments  to  the  point  where  the  devices  have  the  full 
force  of  direct  vision.  There  are  many  other  aspects  of  military  night 
operations  that  go  beyond  an  individual's  night  vision  capabilities. 

The  soldier's  capacity  to  operate  at  night  is  severely  restricted. 

It  depends  on  the  individual's  level  of  training,  but  also  includes  other 
biological  and  behavioral  components.  Operating  at  night  requires  that 
the  individual  soldier  be  thoroughly  familiar  with  the  operational 
environment. 


A  soldier  must  be  able  to  find  his  way  and  maintain  a  direction  of 
movement,  be  able  to  detect,  locate,  and  identify  targets  from  sensory 
Information,  and  be  able  to  maintain  efficiency  under  stress  and  during 
extended  operations.  Vet,  even  among  soldiers  trained  In  night  opera¬ 
tions,  the  ability  to  perform  these  tasks  shows  wide  variation.  Thus 
the  concept  of  continuous  and  sustained  night  operations  suggests  an 
evaluation  of  the  importance  of  a  wide  range  of  human  factors  in  night 
operation. 


For  this  reason,  the  principal  concerns  of  this  report  are:  (a)  to 
identify  those  behavioral  problems  peculiar  to  the  military  during  night 
operations,  (b)  to  review  the  state  of  knowledge  on  the  behavioral  or 
human  factor  aspects  of  military  night  operations,  and  (c)  to  suggest 
guidelines  for  future  research  leading  to  a  better  understanding  of  the 
behavioral  skills  as  they  relate  to  night  operations  performance  in  the 
Individual  soldier. 


III.  SCOPE  OF  THE  REPORT 

'v. 

In  the  preliminary  research  on  this  subject,  the*  physical,  biological, 
and  behavioral  factors  that  affect  night  operation  performance  in  the 
individual  soldier  were  considered.  Subjects  such  as  silent  movement 
and  camouflage,  communication  at  night,  and  night  target  engagement 
constitute  an  important  but  separate  body  of  knowledge  and  are  not  part 
of  this  plan. 


v'  Nf' 
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Emphasis  in  this  report  has  been  placed  on  current  sensory,  motor 
and  cognitive  factors  in  night  mobility,  the  role  of  night  vision,  and 
the  effect  of  fatigue  and  stress  in  night  operations.  In  addition, 
individual  differences  in  otherwise  similar  populations  exposed  to 
similar  environmental  conditions  are  considered. 

This  report  provides  background  information  potentially  useful  in 
planning  future  behavioral  research  on  efficient  utilization  of  the 
individual  soldier  during  continuous  and  sustained  night  operations. 

Also  considered  in  this  light  are  the  further  evolution  of  night  opera¬ 
tions  training,  and  the  military  operations  that  require  weighing  of  the 
variability  and  limitations  of  the.  night  warfare  capability  of  a  soldier. 


IV.  REVIEW  DISCUSSIONS. 
A.  Introduction. 


The  review  discussions  represent  a  comprehensive  evaluation  of 
the  state  of  knowledge  on  human  factors  and  night  operations.  Emphasis 
has  been  given  to  recent  research  findings  which  bear  on  the  problems  of 
night  mobility  (e.g.,  navigation),  night  vision,  fatigue,  and  stress. 
Because  these  aspects  encompass  only  a  small  portion  of  the  subject  of 
military  night  operations,  it  is  appropriate  to  characterize  briefly 
some  tentative  conclusions  Chat  have  already  emerged  within  the  military 
context  concerning  human  factors  in  night  operations’. 

1.  Insufficient  time  Is  devoted  to  training  individual 
soldiers  and  units  for  night  operations. 

2.  Insufficient  data  is  available  on  the  problems  relating 
to  human  endurance  in  continuous  military  operations. 

3.  Performance  measures  useful  for  evaluating  the  individual 
soldier  and  units  during  night  operations  training  are 
not  readily  available. 

4.  The  soldier  who  is  more  effective  In  navigating  during 
daytime  is  also  more  effective  at  night. 

5.  The  soldier  who  is  best  able  to  travel  safely  at  night 
(e.g.,  detecting  and  avoiding  obstacles,  dropoffs,  etc.) 
is  not  necessarily  the  best  in  navigating  at  night. 

6.  The  ability  to  navigate,  particularly  at  night,  depends 

on  the  ability  of  the  soldier  to  conceptualize  or  maintain 
a  fairly  accurate  representation  of  the  terrain  on  which 
he  must  operate.  The  ability  to  form  a  topographical 
representation  of  the  terrain  involves  a  subset  of  skills, 
namely,  the  ability  to  read  a  map,  analyze  terrain,  and 
visualize  in  his  mind's  eve  an  analogue  representation 
of  terrain. 
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7.  To  navigate  effectively  at  night  also  requires  an  ability 
to  estimate  distance  between  points. 

6.  There  are  distinct  individual  variations  in  the  ability  to 
navigate  accurately  or  to  travel  safely  at  night  which 
appear  independent  of  military  training. 

9.  Night  vision,  aided  or  unaided,  is  important  for  detecting 
and  recognizing  targets.  Night  vision  generally  is 

conaldared  not  vary  uaaful  in  helping  the  aoldiar  maintain 
his  bearing*  or  to  maintain  a  direction  of  movement. 


1 .  Introduction . 


Night  mobility  for  the  soldier  involves  the  ability  to  travel 
accurately,  safely,  and  quietly  (i.e.,  steethily)  under  low  visibility. 

It  is  plausible  to  assume  that  mobility  in  military  night  operations 
involves  all  three  uncorrelated  skills  and  that  these  skills  can  be 
taught.  Accurate  travel  refers  to  the  ability  to  maintain  a  direction  for 
a  given  distance  between  landmarka  (i.e.,  dead  reckoning). 

The  complex  art  of  dead  reckoning  takes  many  different  forms  and 
probably  involves  a  different  complex  of  sense  modalities,  movements, 
and  conceptual  skills.  The  aptitude  depends,  In  pert,  on  the  ability  to 
read  a  map,  utilize  a  compass,  analyze  terrain,  relate  map  and  terrain 
features,  and  maintain  a  "sense  of  direction." 

For  night  mobility  in  particular,  the  soldier  must  be  able  to 
memorize  the  details  of  terrain  and  landmarks  shown  on  a  map.  Safe 
movement  at  night  involves  the  detection  and  avoidance  of  obstacles  and 
dropoff s  which  may  cause  injury.  Finally,  stealth  involves  a  combi¬ 
nation  of  silent  movement,  unobeerved  mov  ment ,  and  camouflage. 

An  individual  soldier's  ability  and  confidence  to  operate  at  night 
can  be  enhanced  by  training  in  all  these  skills.  There  are,  however, 
wide  individual  differences  in  that  ability.  Some  men  develop  satisfac¬ 
tory  night  movement  skills,  but  many  do  not.  Those  that  do  are  often 
unable  to  specify  their  particular  skill  or  communicate  them  to  others. 

This  is  not  to  suggest  that  these  skills  are  innate,  but  only  to 
Indicate  how  excruciatingly  difficult  it  is  to  make  those  skills 
explicit.  Nevertheless,  the  concept  of  continuous  day  and  night  operations 
suggests  a  reevaluation  of  the  importance  of  individual  variation 
in  navigation  and  mobility  skills. 

The  reader  may  surmise  that  selection  of  individuals  with  superior 
skills,  in  addition  to  training  to  enhance  those  skills,  can  ho  employed 
to  meet  military  requirements  better  for  night  operations. 
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There  ia  much  to  learn  of  human  factor*  bafore  night  operation 
doctrine  can  be  formulated  and  tested  effectively.  The  Army  must  learn 
how  to  measure  significant  aspects  of  total  mobility  performance  for  a 
variety  of  military  tasks  in  order  to  guage  the  contribution  of  a  vide 
variety  of  factors  to  that  performance.  The  Army  should  assess  more 
effectively  those  Individual  differences  that  influence  mobility  perfor¬ 
mance,  both  at  night  and  during  the  day. 

A  desirable  piece  of  knowledge,  for  example,  would  be  to  know  the 
origin  and  magnitude  of  these  differences  and  how  they  influence  an 
individual's  performance.  Hut  firat,  the  Army  must  arrive  at  a  clearer 
statement  of  the  perceptual  factors — sensory,  motor,  and  conceptual — 
that  underlie  successful  mobility.  Knowledge  of  this  sort  will  reveal 
what  to  train  for  and  what  information  to  provide  with  the  mobility 
aids  we  construct . 

Apparently,  accurate  night  movement  for  the  individual  soldier  will 
depend  in  part  on  non-vlaual  senses.  In  daylight  conditions,  the 
soldier  may  obtain  quick  and  precise  information  about  the  nature  of  the 
land  through  which  he  moves.  Such  information  would  include  the  nature 
of  the  path  (hills,  surface  characteristics,  irregularities  in  the 
terrain,  etc.)  end  the  nature  of  the  obstacles  and  landmarks. 

Further,  as  he  progresses  along  his  course,  this  visual  map  is 
continually  updated  and  reviewed.  Ongoing,  and  up-to-date  information 
about  the  route  and  potential  obstacles  ia  also  vital  at  night.  However, 
the  soldier  is  forced  to  rely  greatly  on  non-vlsual  cues,  such  as 
cognitive,  end  self-produced  movement  cues. 

2 .  Perceptual  Skills  in  Night  Navigation . 

a.  Conceptual  Factors.  Most  people  heve  little  trouble  in 
navigating  in  familiar  surroundings  that  are  eaaily  visible.  Navigating 
at  night  and  in  unfamiliar  terrain  le  a  different  matter.  People 
frequently  get  lost,  as  there  are  few  sensory  cues  to  give  them  reliable 
information.  When  people  are  lost,  the  sense  of  isolation  is  increased. 

Lost  people  first  have  to  uee  many  different  sorts  of  cues  to  build 
up  a  "cognitive"  map  or  schema  of  the  terrain  and  then  to  know  where 
they  are  with  respect  to  the  cognitive  map.  This  ability  is  of  funda¬ 
mental  importance,  yet  little  Js  known  about  the  sensory  mechanisms 
involved  in  spatial  cognition. 

Aa  a  graphic  example  of  the  value  of  cognitive  maps,  consider  the 
1970  "Apollo  14"  moon  walk.  Astronauts  Shepard  and  Mitchel  were  within 
75  feet  of  their  objective,  the  rim  of  Cone  Crater,  but  returned  to 
Antares  without  completing  their  mission.  The  reason?  They  had  become 
confused  and  disoriented  by  the  leek  of  distinctive  lunar  landscape 
features  and  the  endless  sequence  of  gullies.  It  was  only  later  that 
they  realized  juat  how  close  they  had  bean  to  their  objective. 
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At  first  sight,  human  beings  appear  poorer  at  navigation  than  many 
animals.  Human  beings,  for  example,  lack  a  magnetic  sense  as  far  as  is 
known ,  have  no  innate  ability  to  use  the  sun  and  stars  for  navigation, 
and  are  relatively  poor  at  finding  their  way  home  from  strange  places. 

However,  human  beings  have  a  great  capacity  lor  learning  and 
utilizing  important  cognitive  abilities.  Cognitive  abilities  include  the 
mental  representation  of  geographic  space  comprising  both  the  perception 
of  spatial  relations  among  external  terrain  features,  and  the  perception 
which  the  individual  has  as  he  relates  to  those  features  in  space.  Those 
cognitive  factors  which  appear  most  important  for  day  or  night  navigation 
Include  map  interpretation,  terrain  analysis,  and  the  cognitive  map  or 
"schema"  taken  from  memory.  That  is,  important  details  of  the  terrain, 
as  shown  on  a  map,  can  be  reconstructed  in  memory;  the  individual  can 
then  proceed  to  use  this  schema  in  various  ways. 

The  soldier  can  compare  the  schema  to  the  terrain  he  sees  in  order  to 
know  where  he  is;  he  can  engage  in  vicarious  manipulations  or  locomotions 
to  know  which  way  he  has  to  go.  He  can  try  out  the  results  of  particular 
forms  of  behavior,  the  various  approaches  and  paths,  before  committing 
himself  to  them  in  actual  practice.  At  night,  when  the  navigator  does 
not  have  a  ready  view  of  a  map,  the  schema  may  serve  as  an  effective 
replacement . 

It  is  clear  thrt  even  a  simple  path  cannot  he  followed  blindly 
without  some  idea  of  its  spatial  relations  to  other  objects.  In  practice 
following  a  path  must  be  supplemented  by  some  sort  of  cognitive  map  in 
which  the  path  is  perceived  in  spatial  relation  to  the  other  paths  and 
terrain  features. 


Furthermore,  the  cognitive  map  functions  to  enable  recall  of  land¬ 
marks  and  other  topographical  clues,  and  to  improve  the  ability  to  recog¬ 
nize  a  landscape  when  viewed  from  a  new  angle.  A  cognitive  map  includes 
all  sorts  of  memories  of  terrain  features:  visual  memories,  which  are 
usually  most  prominent,  motor  and  auditory  memories,  and  memories  of  the 
details  of  maps. 

A  topographical  map  is,  in  fact,  a  graphical  representation  of  such 
a  schema  and  is  the  one  most  often  used  to  develop  and  maintain  a  three- 
dimensional  image  of  an  area.  Thus,  the  ability  to  read  a  map,  and  its 
careful  study  prior  to  anv  night  operation,  becomes  an  important  element 
In  successful  night  navigation. 

What  is  often  called  a  "sense  of  direction"  appears  to  be  a  skill  in 
developing  a  cognitive  map  of  an  area  and  up-dating  the  schema  as  one 
moves  over  the  terrain.  People  vary  greatly  in  this  abilitv.  The  source 
of  this  variation  is  not  yet  known.  Attention  to  cognitive  skills,  their 
evolution,  and  their  individual  variations  should  assist  Army  night 
mobility  and  night  operations  capability  greatly. 
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b.  Movement  Factors.  Successful  mobility  involves  a  number  of 
component  skills:  There  is  the  ability  to  travel  in  a  straight  line. 
People  lost  at  night  commonly  veer  or  walk  in  a  complete  circle.  Other 
successful  abilities  would  be  to  maintain  a  "sense  of  direction"  (main¬ 
taining  a  route);  to  detect  variations  in  the  terrain  (e.g. ,  slope, 
curvature,  texture)  one  is  traveling  over;  and  to  maintain  time  and 
distance  (pacing). 

To  what  extent  these  various  abilities  are  correlated  is  not  known. 
The  sensory  basis  of  these  abilities  is  also  unknown.  Nevertheless, 
the  skills  require  the  individual  to  possess  information  regarding  his 
change  in  position  in  space;  in  other  words,  that  he  have  some  appre¬ 
ciation  of  his  active  movements. 

At  night,  the  poverty  cr  man's  directional  sense  becomes  obvious. 
Movement  at  night,  particularly  through  forest  country,  is  much  like 
wandering  through  a  maze.  The  trees  and  hills  often  conform  to  no 
sensible  pattern.  In  such  situations,  people  tend  to  veer  or  circle. 

The  bodily  cues  -  presumably  based  on  the  tactile,  kinesthetic,  and 
vestibular  senses  -  are  inadequate  to  detect  small  changes  in  direction; 
a  slight  bias  in  the  sensory  system  is  sufficient  to  produce  veering 
over  short  distances. 

Most  investigators  claim  that  people  veer  to  the  right  rather  than 
the  left,  particularly  when  on  foot.  One  theory  of  veering  is  that  it 
is  due  to  asymmetrical  limb  length,  or  asymmetrical  muscular  strength. 
However,  it  i9  hard  to  see  how  body  asymmetry  could  also  cause  veering 
when  driving  a  vehicle. 

Blindfolded  passengers  in  a  car  will  often  feel  that  the  vehicle  is 
following  a  curved  path  when  it  is  actually  going  straight,  and  vice 
versa.  The  cause  of  veering  is  probably  not  any  structural  asymmetry, 
but  some  imbalance  in  the  vestibular  or  kinesthetic  systems.  Clearly, 
then,  any  training  in  night  navigation  requires  that  each  individual 
soldier,  whether  walking  or  riding  in  a  tank,  be  apprised  of  the  veering 
tendency  in  order  to  acquire  compensating  behavior. 

Some  aspects  of  night  operations  may  depend  on  use  of  motorized 
vehicles  (e.g. ,  tanks,  motorized  armor,  etc.).  This  raises  additional 
problems  for  navigation,  particularly  since  navigational  aids,  such  as  a 
compass,  are  not  readily  available. 

For  example,  where  troops  are  conveyed  by  vehicle,  one  element  of 
information  seemingly  important  in  navigation  is  removed;  that  is, 
self-produced  motion  cues  which  are  always  available  to  the  walking 
soldier. 

Held  and  Rekosh  (1963)  have  demonstrated  that  active  movement 
interacting  with  a  spatial  environment  is  necessary  for  correct  percep¬ 
tion,  for  experiencing  the  world  "as  it  really  is." 
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More  to  the  point,  research  at  the  Array  Research  Institute  has 
demonstrated  that  the  absence  of  active  movement  cues  results  in  serious 
distortions  in  direction-f inding  behavior.  The  implication  for  military 
night  operations  is  clear:  if  active  movement  is  essential  for  maintaining 
accurate  orientation,  then  the  mobility  of  tanks,  as  one  example,  is 
severely  reduced  at  night  when  visual  cues  are  absent  and  navigational 
aids  are  unavailable. 

Dead  reckoning  depends  on  estimating  not  only  direction  but  distance 
traveled.  One  is  lost  if  he  loses  track  of  either  direction  or  distance 
covered,  unless  he  meets  another  familiar  landmark.  Though  primitive, 
the  method  can  be  more  useful  than  a  map  or  compass.  For  example,  when 
lost  at  night ,  one  nay  not  be  able  to  pinpoint  his  location  on  a  map; 
therefore,  he  may  not  know  which  compass  bearing  to  take.  In  such  circum¬ 
stances,  one  has  to  rely  on  dead  reckoning. 

Successful  navigation  bv  dead  reckoning  involves  three  stages: 

(1)  setting  out  In  the  appropriate  direction;  (2)  holding  a  steady  course, 
keeping  a  running  estimate  of  position,  and  checking  expected  landmarks 
along  the  wav;  (3)  locating  the  destination  and  homing  in  on  it.  Prob¬ 
lems  of  directional  navigation  will  be  covered  later;  but  the  problem  of 
distance  raises  further  questions  of  time  and  speed. 

The  apparent  distance  travelled  is  distorted  by  many  factors  which 
filter  the  apparent  speed  of  travel  or  the  apparent  time  taken:  a  decrease 
in  apparent  speed  or  an  increase  in  apparent  time  makes  the  distance  seem 
longer.  Real  changes  in  speed  or  time  have  similar  effects,  presumably 
because  people  miscalculate  at  least  one  of  the  factors. 

Thus  a  distance  seems  longer  when  walked  rather  than  run.  It  may 
also  seen  longer  If  great  effort  is  involved,  or  if  the  route  is  new, 
or  if  the  walker  is  tired  or  anxious.  However,  this  subject  is  confused 
and  contradictory,  and  it  is  easy  to  cite  conflicting  cases. 

Experimental  evidence  is  meager  and  often  confusing.  One  source  of 
confusion  is  the  difference  between  the  methods  of  reproduction  and 
estimation.  In  the  former  method,  the  Individual  attempts  to  travel  a 
given  distance,  e.g.,  "go  200  meters.”  In  the  latter  methods,  the 
Individual  attempts  to  estimate  the  distance  traveled. 

Ordinarily,  estimation  is  a  requirement  of  the  navigator.  Repro¬ 
duction  may  be  what  is  required  of  a  reconnaissance  patrol.  Logically, 
the  two  methods  should  give  equivalent  results  with  overastimation  in  one 
method  meaning  the  same  as  underestimation  in  the  other.  Psychologically, 
the  methods  may  not  be  the  same.  Estimating  a  distance  already  traversed 
is  not  the  same  as  striking  out  into  the  unknown  for  a  given  distance. 

For  example,  people  may  overestimate  the  distance  covered  in  the 
dark,  yet  also  walk  too  far  when  asked  to  reproduce  a  given  distance. 
Several  experiments  would  be  both  Interesting  and  important  to  carry  out 
In  determining  the  extent  of  distance  errors  for  different  terrain 
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features,  different  speeds  of  travel,  various  loads  and,  finally,  the 
distance  and/or  time  of  travel  least  sensitive  to  error.  Quantitative 
data  of  this  sort  can  help  in  both  training  and  in  planning  operations. 


c.  Sensory  Factors.  In  discussing  the  behavioral  problems  in  night 
movement,  one  should  not  overlook  the  range  and  number  of  sensory 
modalities  through  which  spatial  information  is  acquired.  Equally 
significant  is  the  integrative  nature  by  which  sensory  information  is 
related  to  spatial  information. 

The  visual,  tactile,  olfactory,  auditory,  and  kinesthetic  sense 
modalities  combine  to  give  an  integrated  representation  of  any  spatial 
environment.  The  modalities  are  complementary  even  though  visual  infor¬ 
mation  predominates.  For  example,  the  distinctiveness  or  memorableness 
of  a  particular  spatial  environment  is  not  solely  the  result  of  the  way 
the  environment  looks. 

Some  blind  people  remember  the  various  paths  they  traverse  by  the 
different  feel  of  each  path.  The  blind  can  become  expert  at  following 
new  as  well  as  familiar  routes,  by  using  maps  which  rely  on  touch. 

While  many  such  devices  help  the  blind  to  detect  obstacles  and  navigate, 
large-scale  navigation  demands  some  type  of  visual  map,  at  least 
initially,  and  some  residual  vision  which  gives  information  and  instruc¬ 
tions  about  landmarks  farther  afield. 

The  significance  of  tactile  or  even  auditory  cues  as  night  navigation 
aids  remains  purely  conjectural.  Significance  of  night  vision  capability 
in  successful  mobility  is  poorly  understood.  Little  is  known  about  how 
to  utilize  the  residual  vision  available  at  night  for  night  mobility. 
Although  generally  reported  that  night  vision  plays  little,  if  any,  role 
when  navigating  at  night,  residual  vision  may  still  provide  useful  cues. 


Residual  vision  may  provide  direct  visual  information  to  avoid 
obstacles,  and  may  be  useful  in  organizing  the  non-visual  abilities. 

The  non-visual  cues  and  the  way  they  relate  to  mobility  are  not  simple. 
No  matter  how  limited,  a  visual  reference  can  provide  an  organizational 
structure  for  auditory,  tactile,  and  cognitive  spatial  information. 

Continuous  use  of  residual  visual  information  may  serve  to  establish 
and  maintain  the  visual  and  non-visual  spatial  organization  important 
for  navigating  at  night;  i.e.,  when  most  dominant  visual  cues  are 
unavailable. 

3.  Directional  Orientation  to  a  Heading. 

The  most  reliable  guide  to  a  heading  is  the  compass .  The 
standard  Army  lensatic  compass  is  the  major  direction  finder  used  by  the 
infantry  soldier  for  land  navigation.  The  instrument  has  been  found 
extremely  versatile  as  it  can  be  used  many  ways  by  manipulating  its 
component  parts. 
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Nevertheless,  the  lensatle  compass  has  a  number  of  serious  defi¬ 
ciencies  during  night  operations.  For  example,  the  dial  is  often  not 
luminous  enough  for  accurate  reading  at  night.  The  legibility  of  the 
compass  rose  is  poor  and  hence  the  compass  headings  are  both  difficult 
to  read  and  often  are  confused;  an  8  often  looks  like  a  6  and  vice  versa. 
Because  the  compass  rose  floats,  the  lsnsatlc  compass  must  be  level  for 
accurate  reading.  However,  with  poor  visibility  at  night  it  becomes 
very  difficult  to  hold  the  compass  level  in  the  absence  of  visual 
feedback. 


Although  deficienclos  of  the  lensatle  compass  have  been  consistently 
reported  from  the  field,  data  is  lacking  to  document  them.  Further,  no 
data  is  available  to  determine  requirements  for  a  more  effective  night 
compass.  Finally,  no  data  shows  comparative  advantages  of  one  compass 
over  the  other.  Since  dead  reckoning  may  be  the  only  effective  means  of 
navigation  at  night,  it  becomes  important  that  the  soldier  have  an 
effective  and  workable  compass. 
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The  second  most  reliable  guide  to  direction,  after  the  compass,  is 
the  sun,  moon,  and  stars.  Use  of  celestial  cues  Is  not  instinctive,  but 
can  be  learned  with  little  effort.  Most,  if  not  all,  people  know  the  sun 
rises  in  the  east  and  sets  in  the  west.  For  graatc  r  accuracy.  It  is 
necessary  to  know  latitude  and  time  of  year,  and  to  consult  a  suitable 
set  of  tebles.  For  ordinary  navigational  purposes,  s  low  degree  of 
accuracy  may  be  quite  acceptable,  since  the  soldier  can  use  other  cues 
to  guide  him. 

The  moon  is  more  complicated  to  use  than  the  sun,  since  it  rises 
and  sets  SO  minutes  later  each  night.  However,  the  illuminated  part 
of  its  surface  always  points  toward  the  sun,  even  when  the  latter  is 
below  the  horizon.  Therefore,  it  is  always  possible  to  take  a  bearing 
from  the  assumed  position  of  the  sun  at  the  relevant  time  of  night. 

Stars  are  a  simpler  guide  than  the  moon;  starB  can  be  used  indepen¬ 
dently  of  time  or  seaaon  to  locate  the  celestial  poles.  People  all 
over  the  world  recognize  much  the  same  groups  of  Btars,  though  the  same 
constellations  bear  different  names.  Regardless  of  names,  many  people 
know  that  the  conatelletiona  rise  In  tha  eaat  and  set  in  the  w'ent, 
appearing  to  revolve  counter-clockwise  around  the  celestial  North  Pole, 
and  clockwise  around  tha  celestial  South  Pole. 

Stars  reach  tha  same  position  in  the  sky  four  minutes  earlier  each 
night;  given  sufficient  charts  or  a  good  memory,  it  is  possible  to  know 
the  bearing  of  any  star  at  any  date,  time,  and  place.  Yet  celestial 
navigation  of  even  the  moat  elementary  sort  is  absent  from  most  Army 
training  programs  in  land  navigation. 

Navigators  do  not  always  travel  in  a  straight  line.  Sometimes  they 
make  deliberate  angular  errors  to  ensure  that  when  they  meet  a  road  or 
river  they  will  know  whether  to  follow  it  to  the  left  or  right  to  reach 
a  landmark.  Navigation  of  this  sort  involves  ability  to  judge  angles. 
There  seems  to  be  little  direct,  experimental  evidence  on  angular  errors 
during  bodily  turns. 
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Pri angle-completion  tests  -  Ability  to  return  to  smarting  position 
when  blindfolded  After  following  two  sides  of  a  triangle  -  give  ambi guous 
results,  because  both  angular  and  distance  errors  may  be  involved. 

Kecenl  studies  conducted  at  the  Army  Research  Institute  show  that 
angular  error  increases  with  the  siite  of  the  angle  to  be  judged,  up  to 
and  including  a  JO'  turn.  More  likely,  kinesthetic  cues  are  more 
important  than  vestibular  cues  in  this  type  of  Judgment.  Vestibular- 
defective  individuals,  for  example,  perform  as  well  as  normal  subjects 
when  active  movement  is  employed  in  making  an  angular  Judgment. 

However,  the  vestibular-defective  individuals  are  considerably  worse 
than  the  normal  subjects  when  passive  movement  is  employed  in  making  an 
angular  judgment.  Hie  lesson  is.  of  course,  that  vestibular-defective 
soldiers  should  not  be  asked  to  control  the  direction  of  vehicles  when 
visual  cues  are  not  readily  available  to  guide  them. 

..  Implications  for  Future  Research. 

the  following  problems  may  appear  innocent  enough,  but  the 
clearest  answers  lead  only  to  more  problems.  Nevertheless,  the  most 
obvions  problems  that  require  attention  are: 

•  1  dent  1 fication  and  lnvestlgat ion  of  individual  differences  in 
navi  gat  ion  . 

•  Study  of  structure,  development,  and  acquisition  of  cognitive 
maps  In  geographic  space  perception. 

It  seems  extremely  likely  that  the  three-dimensional  image  of 
"cognitive"  maps  is  used  not  only  to  process  current  stimulus  Input, 
hut  also  to  process  images  taken  from  memory.  That  is,  imaginary  scenes 
can  be  reconstructed  in  space  and  then  the  individual  can  proceed  to  use 
this  as  geographical  space  in  which  to  navigate. 

Klucidat ion  of  cognitive  cues  is  germane  to  understanding  develop¬ 
ment  and  training  of  night  mobility  skills.  Although  research  has  estab 
U shed  the  general  character  of  the  three-dimensional  cognitive  schema, 
in tore  research  should  Include  the  following: 

•  Clarification  of  terrain  features  and  spatial  relations  among 
the  best  remembered  features  in  the  individuals'  schema. 

•  Determination  of  amount  and  kind  of  training,  e.g..  map 
voading  or  map  interpretation,  required  to  forts  an  appropriate 
cognitive  schema  of  a  geographical  area. 

•  Determination  of  the  most  useful  aids  jmaps)  In  acquiring  a 
cognitive  schema. 

•  Determination  of  the  geographical  range  in  which  the  cognitive 
schema  Is  functional  and  where  it  breaks  down. 
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m  Examination  of  any  ralatlonahlp  batwaan  individual  dlffarancea 
in  navigation  and  dlffarancaa  in  tha  individual 'a  dapandanr.c 
upon  hla  tarraln  achama. 

•  Inveetlgation  of  dlffarancaa  batvaan  a  tarraln  achama 
conatructad  from  viaual  information,  and  a  achama  conatructed 
from  othar  modalitlaa,  auch  aa  tact 11a. 

•  Study  of  tima  and  dlatanca  aatlaatlon  aa  a  function  of  typa 
of  tarraln  and  carrying  load. 


C.  NjghQUtW- 

1 .  Many  night  military  activities  depend  on  the  night  vision 
capability  of  tha  individual  soldier  and  on  equipment  that  anhancaa 
thia  ability.  In  racant  yaara,  davlcaa  have  bean  davcloped  that  Improve 
via  ion  at  low  light  lavala.  However,  afflciant  uaa  of  tha  davlcaa 
depend  on  recognising  tha  llmitationa  of  tha  individual  soldier's  visual 
capabilities. 

Because  night  vlaion  la  markedly  affected  by  motivation,  experience, 
training,  and  othar  behavioral  factora,  night  vision  la  not  aynonymoun 
with  acotoplc  or  naaopic  sensitivity.  Further,  human  capacity  to  ace 
at  night  la  notoriously  inconsistent .  Capacity  depends  on  tha  individ¬ 
ual's  level  of  dark  adaptation,  but  also  lncludae  othar  physiological 
and  behavioral  componanta. 

Tho  rate  and  final  level  of  dark  adaptation  and  ability  to  sec  at 
night  show  wide  variation.  Similarly,  dark  adaptation  and  scotopic 
and  mosopic  sensitivity  vary  with  tho  individual  ever  a  period  of  time. 


More  importantly,  the  normal  variation  in  night  viaion  capability 
among  individuals  is  aufficlantly  larga  to  affact  performance  of 
military  taaka  carrlad  out  in  darknaaa.  Validity  of  thia  conclusion 
has  not  baan  firmly  established;  howavar,  racant  rasaarch  on  human 
factors  in  afflciant  uaa  of  night  vision  devicas  suggaata  rslsvancy  of 
tho  conclusion  to  dsvaloping  concspts  of  tactical  capability. 

Common  knowledge  confirms  that  every  aspect  of  vision  appears  altered 
at  night.  Modifications  in  tha  appaeranca  of  tha  scans  hava  a  physical 
basis,  for  radiant  anargy  la  profoundly  attenuated  at  night.  With 
night  vision,  an  object  is  leas  visible,  Its  color  and  sire  seem  different, 
and  distance  is  often  mla judged. 

As  a  result  of  the  loae  of  light  energy  at  night,  we  would  expect  a 
minimum  ability  to  resolve  email  details  (resolution  acuity),  and  a 
minimum  ability  to  perceive  dlffarancaa  in  tha  relative  distance  of 
different  objects  (stereoacuity).  This  is  not  surprising,  since  most 
changes  in  physical  conditions  effect  both  forms  of  acuity  in  much  the 
same  wav.  Yet  stereoecuity  drops  with  decreasing  illumination  at  a 
much  greater  rate  than  does  resolution  acuity  (I.urla  and  Kinnev,  1968). 


ARI  RM  77 

To  explain  stereoacuity  at  night,  two  aspects  of  the  night  scene, 
distinct  from  the  scene  at  daylight,  seem  pertinent:  the  loss  of  target 
contrast  produced  by  the  decreasing  illumination  level,  and  the  fact  that 
there  are  few  clearly  visible  objects.  The  scene  appears  hazy,  lacks 
definition,  and  approaches  what  is  known  in  psychology  as  a  Ganzfcld,  an 
unstructured ,  homogeneous  field  of  view.  The  fact  is  well  known  that  a 
f.anzfeld  distorts  many  visual  functions,  impairs  target  detection,  and 
degrades  other  processes  considered  basically  foveal. 

Apparently  then,  the  typical  loss  of  contrast,  as  well  as  the  lack  of 
peripheral  stimulation  in  the  night  environment,  causes  a  serious  loss 
in  stcreoacuity.  Important  to  stereoacuity  is  peripheral  stimulation; 
this  conforms  to  findings  that  individuals  suffering  from  retinitis 
pigmentosa  and  a  consequent  loss  of  visual  field  down  to  a  10-degree 
visual  angle  also  show  a  marked  loss  of  stcreopais. 

During  military  night  operations,  the  question  remains  whether 
stereoacuity  can  be  improved  significantly  by  introducing  clearly  visible 
peripheral  stimuli,  e.g.,  signals,  flares,  and  other  forms  of  battlefield 
illumination. 

The  loss  of  light  at  night  should  also  affect  perception  of  size  and 
distance  of  objects.  Indeed,  a  common  observation  is  that  objects  at 
night  appear  to  be  farther  and,  depending  on  distance,  either  smaller 
or  larger  than  in  actuality. 

Further,  distance  overestimations  increase  as  light  level  decreases. 
Military  commanders,  for  example,  report  that  it  is  common  at  night  for 
a  soldier  to  overshoot  an  observed  target.  The  overestimation  of 
distance  stems  partly  from  the  loss  of  contrast  at  night;  the  over- 
estimation  probably  is  also  a  function  of  the  Ganzfeld  characteristics 
at  night. 

In  short,  both  relative  and  absolute  depth  perception  are  less  acute 
at  night.  Loss  of  contrast,  which  intensifies  with  the  gathering  dark¬ 
ness,  and  the  typical  lack  of  stimulation  at  night  cause  increasingly 
larger  ove res titnat ions  of  distance. 

Optical  aberrations  at  night  have  been  widely  investigated  (Byram, 
1944).  The  effects  of  night  myopia,  for  example,  take  on  their  greatest 
significance  when  the  pupil  of  the  eye  Is  large,  that  is,  when  the  field 
luminance  is  low.  Night  myopia,  which  accounts  for  significant  blurring 
of  objects  up  to  an  observation  distance  of  approximately  one  meter,  has 
to  be  a  consideration  when  close  visual  work  is  required. 

Generally  speaking,  the  perception  of  size  can  be  predicted  fairly 
accurately  from  the  perception  of  distance  if  other  factors  such  as 
familiarity  and  context  are  controlled.  For  example,  near  objects  appear 
larger  In  daylight  than  far  objects  of  the  same  size.  However,  at  night, 
when  the  same  object  appears  to  be  farther,  although  optical  image  size 
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has  not  changed,  the  apparent  increase  in  distance  is  attributed  by  the 
individual  to  an  increase  in  site.  This  conforms  to  the  often  common 
experience  that  objects  loom  in  the  dark,  i.e.,  they,  appear  larger  than 
they  really  are. 

On  the  other  hand,  size  is  underestimated  at  greater  distances  at 
night,  as  one  would  expect  from  the  increasing  attenuation  of  light  with 
distance.  Dim  objects  appear  smaller  than  bright  objects  of  the  Bame 
size  and  at  the  same  distance.  Although  it  hae  been  suggested  that  we 
naturally  appraise  darker  objects  ea  smaller  then  bright  objects,  no 
adequate  explanation  of  thie  illusion  has  been  offered. 

The  point  where  objects  begin  to  appear  smaller  than  they  actually 
are  depends  upon  both  distance  and  available  light.  No  quantitative 
assessment  of  this  phenomena  ie  available.  Nevertheless,  apparent 
distortions  of  size  and  distance  at  night  are  clearly  relevant  to  the 
operational  tasks  of  learning  to  sight,  aim,  locate,  and  acquire  targets. 

The  perception  of  color  la  another  aspect  of  night  viewing  of 
considerable  importance.  Since  color  ia  generally  used  elthet  to  enhance 
or  camouflage  an  object,  it  la  important  to  know  which  colors  are  most 
and  least  visible.  The  topic  is  covered  adequately  in  a  variety  of 
texts  and  need  not  concern  us  here.  Source  material  can  be  fpund  in 
The  Human  Senses  by  F.  Geldard,  pp.  83-124,  and  Vlalon  and  VIbusI 
Perception  (Ed.,  C.  Graham),  pp.  370-478. 

Although  reaponaea  to  color  targets  as  a  function  of  Illumination 
has  been  widely  Investigated,  little  consideration  has  been  given  to  the 
study  of  fluorescent  color.  Fluorescent  colors  have,  however,  been 
extensively  used  to  increase  visibility  of  objects.  Fluorescent  colors 
convert  short  wavelength  energy  to  which  the  eye  is  relatively  insensitive 
into  longer  wavelength  energy  to  which  the  eye  is  more  sensitive. 

The  converted  energy  is  added  to  whatever  reflected  light  is  avail¬ 
able,  thus  Increasing  the  visibility  and  contrast  of  the  painted  object. 
This  is,  of  couree,  contingent  upon  the  amount  of  short  wavelength  light 
available  at  night.  Fluorescent  paints  introduce  an  interesting  inter¬ 
action:  The  exciting  energy  for  fluorescence  ie  in  the  shorter  wave¬ 
lengths  of  visible  energy.  These  wavelengths  are  more  easily  scattered 
in  the  air  than  the  longer  wavelengths  thus  produced  from  the  fluorescent 
surface. 

The  result  is  that  relatively  few  short  wavelengths  reach  the  painted 
surface  at  night,  making  fluorescent  surfaces  visible,  at  best,  at  short 
distances.  Nevertheless,  there  may  be  an  advantage  to  maintaining  some 
form  of  visible  contact  among  troopa  at  night  over  relatively  short 
distances  while  remaining  less  visible  over  longer  distances.  No 
systematic  effort  has  been  made,  aa  far  as  we  know,  to  establish  the 
utility  of  these  principles  for  military  night  operations. 
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To  summarise,  visibility  can  bs  prodlctad  from  a  knowledge  of  the 
spectral  sensitivity  of  the  eye  and  the  spectral  distribution  of  energy 
reaching  it.  To  specify  the  spectral  distribution,  one  must  know  four 
attributes.  (1)  the  energy  reaching  the  target,  (2)  the  reflectance  of 
the  target,  (3)  the  transmission  characteristics  of  air,  and  (4)  the 
background.  From  these  values,  both  the  visibility  and  color  contrast 
can  be  calculated. 

The  Army  has  recently  Introduced  a  new  family  of  optical  aids  e.g., 
image  intensifiera ,  that  improve  visual  acuity  and  pattern  recognition 
under  reduced  levela  of  illumination.  However,  es  already  pointed  out, 
efficient  use  of  night  vielon  devices  depends  on  recognising  limitations 
of  the  visual  cepebilitiaa  of  the  individual  soldier. 

Surprisingly,  vary  littla  quantitative  datr.  is  available  which 
provides  a  comparison  of  various  forma  of  vision — normal  and  aided — as 
a  function  cf  light  level,  contrast ,  e.g.,  background  and  atmospheric, 
absolute  and  relative  distance  of  targets,  color,  and  whether  the  target 
is  moving  or  stationary.  Much  qualitative  data  supports  the  advantages 
of  night  vision  davicaa  but  littla  quantitative  data  relates  information 
about  human  vielon  to  the  image  enhancement  characteristics  of  night 
vision  devices. 

Thus,  the  Army  has  no  means  of  determining  the  limits  of  normal  and 
aided  vision  under  conditions  which  closely  simulate  operational  condi¬ 
tions.  Optimizing  the  utility  of  night  vision  devices  obviously  requires 
suitable  quanti tntive  information  concerning  effects  of  different 
parameters  of  image  formation  upon  the  soldier's  ability  to  perceive  the 
existence  and  properties  of  targets  viewed  through  these  devices. 

2,  Implications  for  Future  Research 

a.  An  analysis  of  the  requirements  for  night  vision  in  specific 
military  tasks  of  all  types  and  the  methods  of  select  Ion  of 
soldiers  for  these  teaks. 

b.  Review  of  procedures  currently  employed  for  testing  dark 
adaptation  and  night  vision  in  meeting  military  require¬ 
ments  for  night  vision  capability. 

c.  Study  of  the  visual  effects  of  drugs  commonly  administered 
to  the  soldier  under  combat  conditions. 

d.  Comprehensive  review  of  the  effects  of  many  classes  of 
drugs,  snd  of  smoking  and  alcohol  on  the  visual  capabilities 
of  the  soldier. 
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e.  Further  examination  of  the  suggested  relationships  between 
th*  use  of  tobacco  and  alcohol  and  the  occurrence  of 
amblyopia,  decreased  visual  acuity,  central  scotoma  for 
color,  and  loss  of  accommodation.  The  significance  of 
frequency  of  smoking  to  dark  adaptation  measurements 
requires  further  study  in  relation  to  the  military  require¬ 
ments  of  the  soldier. 

f.  Analysis  of  toxic  elements,  Including  carbon  monoxide, 
hydrocarbons,  and  oxides  of  nitrogen  as  produced  by 
vehicular  traffic  and  various  weapons  ,  to  ascertain  tha 
usual  and  maximal  amount  of  exposure;  and  the  study  of  the 
combined  effects  of  these  substances  on  dark  adaptation 
and  night  vision. 

g.  Study  of  tha  potential  effects  on  dark  adaptation  and  night 
vision  of  interaction  of  noxious  environmental  contaminants 
with  military  therapeutic  drug  regimens. 

h.  Study  of  the  influence  of  toxic  environmental  contaminants 
or  therapeutic  drugs  on  tha  effective  use  of  optical  aids 
by  the  soldier  In  reduced  illumination. 

i.  More  extensive  examination  of  the  ranRe  of  individual 
variation  in  dark  adaptation  and  night  vision,  especially 
for  soldiers  with  combat  and  field  command  responsibilities 
or  special  tasks. 

,1 .  Investigation  of  the  incidence  and  influence  of  astigmatism, 
accommodation  defects,  and  other  opthalmologic  defects  on 
the  night  vision  capability  of  tha  aoldler. 

k.  Analysis  of  tha  value  of  training  individuals  for  night 
vision  capability,  recognition  of  individuals  with 
inadequate  or  superior  night  vision  capabilities,  and 
assignment  of  military  duties  to  the  best  qualified  men, 
which  would  lead  to  more  efficient  uae  of  night  vision 
devices. 

l.  Investigation  of  tha  utility  of  providing  light  stimulation 
on  tha  periphery  of  the  battlefield  to  enhance  the  perception 
of  relative  and  absolute  distance. 

m.  Study  of  the  utility  of  fluorescent  colors  for  enhancing 
the  visibility  of  objects  at  night. 


D.  fatigue , 
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1.  The  efficiency  of  the  individual  soldier  participating  in 
extended  military  operations,  both  day  and  night,  depend*  very  much  on 
hit)  ability  to  resist  and  recover  from  the  effects  of  fatigue  due  to 
prolonged  operation*.  Tha  whole  pattern  of  performance  decrement  and 
recovery  from  fatigue  may  be  envisaged  as  that  of  a  system  having  a 
limited  capacity  for  continuoua  operation  and  aome  reserve  that  can  be 
uaad  to  deal  with  temporary  additional  requirement!.  Rest  allows  the 
reserve  to  be  re-aetabllshed. 

It  must  be  emphasised,  however,  that  such  a  conceptual  modal,  though 
convenient,  1*  not  true  in  a  literal  sense.  In  almost  any  given 
instance,  the  effect*  of  fatigue  upon  performance  depend  markedly  on  the 
soldier's  motivation,  his  skills  and  knowledge  of  the  lob,  his  state  of 
health  and  fitness,  the  nature  of  the  taek  to  be  performed,  and  the 
organisational  and  physical  aspects  of  tha  operational  environment. 
Further,  the  algnlflcence  of  these  variable*  is  not  complataly  under¬ 
stood  as  they  relate  to  the  effecta  of  fatigue. 

Knowledge  about  effects  of  fatigue  on  performance  is  made  even  more 
complex  because  we  have  neither  a  standard  means  of  classifying  the 
military  tasks  or  operational  environments,  nor  a  standard  system  for 
quantifying  the  human  performance  requirements  rsletsd  to  thorn,  Equiv¬ 
alence  of  knowledge  gained  from  laboratory  and  field  studies  to  ths 
operational  environment  ie  not  at  all  firmly  established. 

However,  one  may  tentatively  suggest  that  currently  available 
knowledge  may  still  be  useful  aa  guidelines  for  commanders  who  are 
responsible  for  planning  military  operations  and  unit  organisation,  e.g., 
manning  levels,  rsserve  strength. 

Summaries  of  work  on  fatigue  have  boon  provided  by  several  authors 
lAllusi,  ldoW;  Wilkinson,  l'ki*',  Woodward  and  Nelson,  l'-V-’i )  .  The 
subject  will  be  discussed  relatively  briefly  here,  first  re-examining 
the  effects  of  fatigue  on  performance,  and  then  going  on  to  work- rest 
schedules  and  recovery  from  fatigue.  Generally  speaking,  four  main 
types  of  behavior  change  come  about  from  fatigue:  perceptual  changes, 
slowing,  irregularity  of  performance,  and  disorganization  of  performance. 

a.  Effects  of  Fatigue.  The  effect*  of  fatigue  on  performance  vary 
widely  from  essentially  none  to  an  almout  complete  breakdown  in  perfor¬ 
mance.  Effects  are,  of  course,  a  function  of  many  factors,  including 
the  individual’s  shility  to  rssist  and  recover  from  fatigue,  tha  time 
of  day,  end  the  duration  and  character  of  the  work  being  performed. 

Within  broad  limits,  the  crucial  variable  in  predicting  the  extent  to 
which  fatigue  will  affect  performance  is  Che  factor  of  motivation. 

This  finding  is  important,  aa  showing  that  fatigue  affects  are  to  a 
large  extent  under  voluntary  control,  in  tha  sense,  perhaps,  that  the 
individual  seta  a  level  of  effort  he  is  willing  to  mitke  and  of  dis¬ 
comfort  he  is  prepared  to  bear. 


AR1  RM  77  ->i 

For  example,  the  Impact  of  fatigue  certainly  la  less  pronounced 
when  the  coneaquencea  of  performance  entail  profound  alterations  in  the 
saving  or  loss  of  life,  and  leea  pronounced  when  the  teaks  are  suffi¬ 
ciently  complex  and  attention-demanding  to  be  "interesting." 

Physical  activities  generally  are  leas  likely  to  show  performance 
decrements  than  mental  activity.  Well-learned  skills  are  less  likely 
to  suffer  from  the  effects  of  fatigue  then  newly  learned  skills.  This 
suggests,  of  course,  that  to  minimise  fatigue  effect!,  the  individual 
soldier  should  be  well-trained  and  axparienced  in  the  tusks  he  will  be 
expected  to  perform. 

Although  It  Is  obvious  that  some  kind  of  fatigue  effect  occurs  with 
increasing  time  on  a  task,  the  following  factors,  perhaps,  arc  not 
obvious.  First,  if  given  the  opportunity,  individuals  tend  to  distri¬ 
bute  their  efforts  over  the  period  of  activity  so  ns  to  minimize  fatigue 
effects,  adjusting  their  pace  to  the  expected  duration  of  activity, 
working  fast  if  the  duration  is  to  be  short,  slower  if  it  is  to  be  long. 
'Ibis  means  that  fatigue  effects  are  more  likely  to  show  if  the  individual 
soldier  has  to  work  under  pressure  for  an  unknown  period  than  if  he  works 
at  his  own  pace  or  for  a  time  known  in  advance. 

Secondly,  fatlgua  affects  tand  to  be  apecific  to  tha  activities  that 
produce  them,  leaving  othar  activities  little  if  at  all  affactad.  As 
a  consequence ,  a  aoldiar  who  is  taken  off  his  main  job  can  be  assigned, 
for  brief  periods  at  least,  to  another  activity  with  little  decrement  in 
performance.  However,  motivational  effects  may  explain  sufficiently  the 
changes  in  performance  occurring  during  a  shift  in  activity. 

Finally,  fatigue  effects  tand  to  ba  cyclic,  with  worst  performance 
occurring  in  the  early  morning  hours.  Presumably  thaae  cyclic  effects 
arise  from  physiological  rhythms  over  a  24-hour  period,  and  from  physio¬ 
logical  changes  related  to  time  from  last  meal.  In  this  connection, 
studies  have  found  that  rsst-braaka  are  more  effective  if  food  or 
refreshments  were  taken. 

Aa  noted  earlier,  individuals  differ  widely  in  terms  of  resistance 
to  fatigue  effects.  Investigators  have  attempted  with  little  success  to 
relate  these  differences  to  standarlzed  measures  of  personality  and 
Intelligence . 

There  is  some  indication,  however,  that  fatigue  has  a  negative  effect 
on  an  individual's  mood  or  disposition,  as  evidenced  by  reports  of 
increased  hostility,  irritability  and  depression.  Subjectively,  such 
states  of  mind  seem  to  arise  from  long-continued  activity  (generally, 
beyond  36  hours  continuouo  work)  leading  to  mild  chronic  overtenseness. 

In  severe  forms,  such  states  of  mind  seem  to  be  the  effects  of  chronic 
stress,  and  can  lead  to  an  inability  to  concentrate  or  make  decisions, 
and  to  feelings  of  futility.  Some  of  these  effects  appear  coupled  with 
low  morale  and  poor  attitude,  and  thus  with  various  factors  concerning 
social  and  physical  organisation,  such  as  type  of  leadership  and  feedback 
about  one's  performance. 
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b.  Work-Rest  Cycles.  Much  interest  in  fatigue  research  has  been 
directed  to  determining  the  work-rest  cycle  moat  effective  for  reducing 
the  effects  of  acute  and  chronic  sleep  loss.  One  problem  has  been  that 
activities  during  work  and  rest  have  rarely  been  specified.  Only 
recently  has  the  relevance  of  resting  activity  for  working  performance 
been  recognized.  It  may  make  a  difference,  for  example.  If  the  rest 
period  is  devoted  to  sleeping,  reading,  or  engaging  in  athletic  activity. 
It  should  be  equally  clear  that  the  nature  of  the  work  activity  ia  an 
important  variable  end  must  be  considered  in  establishing  a  work-rest 
schedule. 

Summaries  by  Woodward  and  Kelson  (1974)  show  that  some  qualitative 
assessments  of  certain  work-rest  cycles  can  be  made  on  the  basis  of 
available  data.  They  report,  for  example,  that  for  a  period  up  to  two 
weeks,  performance  appears  to  be  little  affected  by  the  type  of  work-rest 
cycle  as  long  as  no  period  of  acute  sleep  loss  1b  experienced.  For 
periods  longer  than  two  weeks  or  under  stressful  conditions,  the  hours 
of  rest  relative  to  work  become  more  critical. 

Adaptation  to  atypical  work-raat  schedules  generally  require  a  3-4 
week  period.  To  adapt,  although  Incompletely,  from  a  typical  day-night 
cycle  to  one  where  the  soldier  must  operate  at  night  should  require  a 
period  of  3  to  5  days.  Woodward  and  Nelson  (1974)  also  report  evidence 
which  suggests  that  stable  work-rest  cycles  result  in  batter  performance 
than  when  the  cycle  ia  rotated. 

Further,  if  the  cycle  ie  stabilized,  performance  appears  to  be  as 
good  at  night  as  during  the  day.  Evidence  also  indicatoa  individual 
preferences  among  individuals  for  night  or  day  work  shifts.  This 
svidence  would  emphasize  th*  importance  of  identifying  individuals  with 
known  preferences  and  using  the  data  in  making  appropriate  assignments. 

c.  Recovery  from  Fatigue.  The  problems  of  recovery  have  not  been 
explored  nearly  as  extensively  as  those  of  fatigue  effects  and  work-rest 
cycles.  A  few  generalisations  are  valid,  nevertheless.  Recovery  of 
performance  from  acute  sleep  loss  up  to  U8  hours  has  been  widely  reported 
as  generally  complete  after  12  hours  of  rest,  although  subjective  fatigue 
is  reported  until  after  tha  third  full  night  of  sleep.  Sleep  loss  of 
more  than  48  hours  will  require  more  than  one  full  night  of  sleep  before 
performance  recovery  is  complete.  Figure  1  Bhows  the  recommended  hours 
recovery  as  a  function  of  cumulative  hours  sleep  loss. 
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Summary:  Am  cumulative  hours  simp  lots  increase*.  so  doom  ratio  of  hour*  recovery /hours  mlaap  loam 
(and  lit  variability  at  a  (unction  ot  Indl  vldual /«! tuatlonil  differences)  (From  Woodward  and  Nalmon,  l»74). 


Figure  1 .  Recommended  hours  recovery  as  8  function  of  sleep  loss. 


On  the  beele  of  available  data,  aa  wall  as  common  sense.  It  is 
reasonable  to  auppoae  that  If  a  man  haa  endured  a  stressful  period  of 
sleep  loss,  ha  onset  be  allowed  adequate  sleep,  unless  one  Is  prepared 
to  accept  very  low  performance  efficiency. 

Stimulant  drugs  may  obviate  eocre  of  the  decrements  in  performance 
associated  with  sleep  loss.  D— amphetamine  is  probably  the  roost  powerful 
stimulant  drug  used.  While  stimulants  undoubtedly  have  an  arousing 
effect,  their  use  haa  serious  drawbacks.  For  example,  responses  to 
stimulants  are  highly  individual  and  dose-depandsnt .  Thus,  roaaa 
administration  of  atimulanta,  or  prolonged  or  frequently  repeated  usage 
cannot  be  recommended  in  the  absence  of  detailed  information  on  individ¬ 
ual  variability  to  drug  affects. 
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2.  Implication!  for  Future  Research.  The  following  suggestions  for 
future  research  are  presented  as  major  areas  where  work  la  still  needed. 
Most  of  the  material  described  hare  was  taken  directly  from  published 
reports  with  minimum  modification  or  elaboration.  This  is  not  to  say  we 
have  exhausted  all  major  avenues  for  future  research.  We  have  not. 

e  Investigation  of  the  extent  to  which  napping  or  prone-posi¬ 
tion  resting  enhances  performance  during  austained  operations. 

•  Controlled  studies  on  the  influence  on  sustained  performance 
capability  of  level  of  energy  expenditure  during  continuous 
activity. 

e  Investigation  of  the  extent  to  which  sustained-performance 
capabilities  are  influenced  by  physiological  (circadian) 
rhythm. 

•  Elucidation  of  tha  "total  coots"  to  the  human  system  of 
conducting  sustained  operations. 

•  Continued  studies  on  the  maximum  langth  of  time  man  can 
conduct  auatalnad  operations  undar  optimum  and  minimal 
conditions. 

•  Study  of  tha  minimum  amount  of  aleap  required  for  perfor¬ 
mance,  physiological,  and  psychological  recovery  following 
sustslned  operations. 

e  Study  of  tha  extent  to  which  recovery  functions  Interact 
with  phyaiological  rhythms. 

e  Examination  of  the  extant  to  which  recovery  functions  are 
influenced  by  factors  in  tha  environment  that  Influence 
sleep  quality. 

•  Further  examination  of  the  relation  between  recovery 
functions  and  the  "costa"  expanded  during  previous  sustained 
operations. 

e  Examination  of  the  extant  to  which  results  from  laboratory 
studies ,  field  experiments,  and  full-acals  field  tests  can 
ba  ganarallacd  to  the  operational  situation. 

e  Analysis  of  critical  Individual  factora  (l.e.,  ago,  sex, 
personality  variables,  and  sleep  requirements)  important  to 
man 'a  ability  to  conduct  sustained  operations. 

•  Study  of  the  extent  to  which  drugs,  scheduling,  selection, 
and  training  can  be  employed  to  enhance  man's  continuous- 
work  and  recovery  capabilities. 
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•  Determination  of  whether  individuals  hebituete  to  prolonged 
end  repeated  work- rest  cycles.  If  so,  how  long  dose  it  take 
for  habituation  to  occur,  and  how  long  does  habituation 
persist  after  resumption  of  the  normal  24-hour  cycle? 

e  Study  of  the  interaction  of  the  effects  of  sleep  loss  end 
work-rest  schedules  with  interpersonal  behavior  and  group  or 
teas  performance. 

E.  Psychological  Stress. 

1.  Introduction.  An  understanding  of  the  effect  of  psychological 
stress  upon  skilled  performance  is  of  great  practical  Importance  for  the 
military.  Soldiers  often  must  perform  skilled  tasks  under  highly  stressful 
conditions.  Such  is  obviously  ths  csss  in  combat,  becoming  more  intense 
during  night  combat  activities.  Reduced  vision,  e  greeter  sense  of 
isolation,  the  increased  likelihood  of  becoming  lost  end  disoriented t 
are  ell  characteristically  pert  of  the  military  night  operation  scene. 

Under  these  conditions  effectiveness  of  ths  individual  soldier  must 
be  maintained  even  when  he  is  operating  in  the  dark,  isolated,  disorien¬ 
ted,  end  threatened  by  physical  injury.  The  feet  that  the  soldier  often 
may  be  required  to  work  under  atreaaful  conditions,  particularly  at 
night,  needs  no  further  elaboration. 

The  problem  of  psychological  stress  involves  the  problem  of  definition. 
It  is  not  possible  to  think  of  psychological  stress  except  as  an  infer¬ 
ence  from  external  and/or  internal  manipulations  of  either  the  environ¬ 
ment  or  from  measurements  of  change  in  behavior. 

On  the  environmental  aide,  the  term  has  been  used  to  describe 
situations  characterised  «s  new,  intense,  rapidly  changing,  and  suddan 
or  unexpected.  At  the  i«  time,  isolation,  highly  perelstent 
stimulation,  end  fatiguing  sad  boring  settings,  among  others,  have  also 
been  described  as  stressful,  as  have  situations  succsptlble  to  halluci¬ 
nation  end  leading  to  misperception  which  often  occurs  at  night. 

On  the  behavioral  side,  the  presence  of  emotional  activity  has  been 
used  poet  facto  to  define  the  existence  of  stress.  Indices  used  include 
such  overt  emotional  responses  as  tremors,  stuttering,  exaggerated 
speech  characteristics  end  loss  of  sphincter  control,  or  such  performance 
shifts  as  slowness,  erratic  or  disorganised  performance,  mslcoordinatlon, 
end  peraeverative  behaviors,  Clearly  vide  variations  exist  in  specific 
usee,  specific  definitions,  and  specific  purposes  with  which  the  term 
"stress"  has  been  eesoclated. 

Marked  individual  differences  further  complicate  the  problem  of 
psychological  streas  end  performance,  in  that  all  individuals  do  not 
respond  to  "stressful"  environmental  conditions  in  the  seme  way. 
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This  has  been  shown  when  the  conditions  studied  were  combat,  threat  to 
life.  Internment,  threat  to  statue,  and  others.  It  Is  reasonable  to  say 
that  no  situation  is  a  stressor  to  all  Individuals  exposed  to  it. 

Earlier  assumptions  of  a  common  all-or-none  psychological  stress  state 
are  untenable  in  the  face  of  evidence  to  the  contrary. 

Hence,  the  effects  of  stress  on  performance  era  not  general  but  will 
depend,  for  example,  upon  significant  events  in  the  individual's  life, 
what  the  individual  expects  or  demands  of  himself,  and  how  he  may 
perceive  or  eppreise  a  threat.  In  ell  these  instances,  we  see  an  emphasis 
on  individual  determinatlona  of  when  stress  will  or  will  not  occur. 

Stress  appears  to  bs  s  behavioral  state  and  its  induction  appears  to 
depend  on  the  mediation  of  soma  appraiaing,  perceiving,  or  Interpreting 
mechanism.  Clearly,  certain  universally  adequate  stimuli  may  be 
expected  to  lead  to  stress  more  rapidly  than  othera,  such  ss  extreme 
and  sudden  life-threetening  situations.  This  should  lead  to  a  stress 
state  in  all  persona,  with  little  variation  in  the  rate  of  development. 

However,  leaa  severe  situations  will  give  rise  to  behaviors  that 
vary  greatly  from  person  to  person.  Such  situations  may  induce  anxiety 
or  stress  much  more  rapidly  in  one  peraon  than  In  another.  ThlB  is 
particularly  so  where  stress-producing  characteristics  depend  on  prior 
learning,  as  in  fear  of  the  dark. 

Doubt  exists  that  there  is  such  a  thing  as  a  general  stress  toler¬ 
ance  in  individuale.  More  likely,  a  peraon  carries  a  greater  or  lesser 
insulation  from  the  affects  of  certain  kinds  of  straBsors  rather  than 
from  others.  The  common  idea  of  e  threshold  of  tolerance  for  stress 
implies  that  stressors  must  reach  a  given  intensity  In  order  to  arouse 
stress. 

Thresholds  differ,  apparently,  depending  on  the  kinds  of  threats 
that  are  encountered.  Probably,  individuals  are  differentially 
vulnerable  to  different  types  of  stressors.  In  other  words,  not  only 
must  a  situation  be  of  a  given  intensity  to  lead  to  stress;  It  must  be 
also  a  given  kind  of  situation  for  a  particular  parson.  To  know  what 
environmental  condltlona  are  likely  to  lead  to  stress  for  a  particular 
individual,  the  individual's  motivational  structure  and  prior  history 
should  be  taken  into  account. 

Where  the  particular  motives  are  known,  a  reasonable  prediction  of 
stress  likelihood  of  the  individual  soldier  might  be  made.  The  motives 
might  be: 

whet  an  individual  holds  important  and  not  important, 
what  kinds  of  goals  he  will  work  for  and  why,  or 
what  kinds  of  situations  have  for  him  been  likely  to 
increase  fear,  or  lead  to  defensive  behaviors  or  escape. 

The  fulfillment  of  this  aim  is,  indeed,  no  simple  affair.  For  the 
military,  it  is  clearly  impractical. 
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In  addition  to  amphaaizing  the  role  of  the  individual  in  producing  or 
reducing  stress,  attention  oust  also  be  given  to  organizational  factors 
pertinent  to  the  military  situation.  The  Influence  of  one's  peers  and 
the  military  milieu  significantly  affect  stress  reaction.  The  role  of 
encouragement  and  that  nebulous  influence  called  leadership  further 
extend  the  list  of  factors  related  to  psychological  stress  and  performance. 

It  Is  further  evident  from  the  meager  data  available  what  some  of  the 
factors  are  which  can  influence  the  quality  of  the  individual  soldier's 
ability  to  adjust  to,  tolerate,  or  master  stress.  Factors  may  include: 

the  nature  of  the  individual's  early  identifications  and  his  present 
character  structure; 

his  ability  to  master  strong  and  disturbing  emotional  tensions; 

the  extent  to  which  he  knows  about  all  aspects  of  the  (military) 
situation,  so  that  he  is  not  helplessly  unaware  of  the  nature  and 
source  of  the  military  threat;  the  extent  to  which  he  can  control, 
or  believes  ha  can  control,  stress-producing  events  In  order  to 
reduce  feelings  of  helplessness; 

his  available  skills  and  other  means  of  dealing  effectively  with 
the  threat; 

the  strength  and  pattern  of  his  motivation; 

the  leadership  necessary  to  instill  a  feeling  of  belonging  and  an 
attitude  of  pride; 

the  presence  of  demanding  tasks  which  distract  attention  away  from 
stress-producing  events; 

and  the  degree  to  which  the  individual  perceives  himself  as 
occupying  a  significant  military  role  in  a  clearly  delineated 
group  which  imputes  explicit  status  to  that  role  (Torrance, 

1961) . 

If  one  tries  to  gain  some  overall  perspective  on  what  the  stress 
data  reveal  so  far  of  relevance  to  the  Army,  one  is  led  to  the  following 
general  observations : 

a.  Different  individuals  rsspond  to  the  same  stressful  conditions 
in  different  ways.  Some  enter  rapidly  into  a  stress  state; 
others  show  increased  alertness  and  apparently  improved 
performance;  still  others  appear  immune  to  stress-producing 
qualities  of  environmental  conditions. 

b.  The  same  individuals  may  enter  Into  a  stress  state  in 
response  to  one  presumably  stressful  condition  and  not  to 
another. 
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c.  Consistent  intra-individual  response  patterns  occur  in  stress 
situations.  The  notion  of  a  common  stress  response  needB  to 
be  re-evaluated. 

d.  A  great  variety  of  different  environmental  conditions  can 
produce  stress. 

e.  Behaviors  resulting  from  a  stressful  situation  may  be  alike 
or  different,  depending  on  the  context  of  the  situation  and 
how  it  is  perceived. 

f.  The  intensity  and  extent  of  the  stress  reaction  and  associ- 
ted  behaviors  may  not  be  readily  predicted  from  a  knowledge 
of  the  stressful  condition  alone,  but  require  an  analysis  of 
underlying  motivation  patterns  and  of  the  context  in  which 
the  stress  r  is  experienced. 

g.  Psychological  streas  probably  la  best  conceived  as  a  state 
of  the  individual  under  extenuating  circumstances  rather 
than  aa  an  event  In  the  environment. 

2.  Implications  for  Future  Research. 

It  should  be  clear  from  the  foregoing  that  we  are  still  a  long 
way  from  having  answers  to  all  the  questions  on  the  effect  of  psycho¬ 
logical  stress  on  performance.  It  would  he  presumptuous  even  to  suggest 
that  we  know  the  right  questions  to  ask,  or  that  we  have  the  techniques 
and  methodologies  in  the  laborato^ ^jand  field  to  provide  all  the  needed 
meaningful  answers.  The  following  ‘questions  for  future  research  are 
presented,  however,  as  the  most  obvious  for  military  application. 

'  v 

•  What  is  the  relationship  of  personality  variables  and  past 
history  with  performance  under  stresB?  Very  little  information 
has  been  obtained  about  the  relationship  between  various 
measures  of  peraonelity  and  reaction  to  stress.  It  would  bo 
most  useful  to  be  able  to  predict  which  soldier(s)  will  be 
adversely  affected  by  a  stressful  situation. 

•  What  ia  the  relation  between  the  intellectual  and  emotional 
capacity  of  the  soldier  and  his  reaction  to  stress? 

•  What  aspects  of  particular  military  tasks  are  most  vulnerable 
to  psychological  streas,  e.g.,  decisionmaking,  perceptual 
motor  skills,  infoi.mation  processing,  memory,  attention,  etc.? 

•  What  activities  and  what  training  will  best  enable  the  soldier 
to  cope  with  stressful  situations? 

•  What  relation  do  emotion  and  motivation  have  to  performance 
under  stress? 


REFERENCES 


ARI  RM  77-4 


Allusi,  E.  A.  Sustained  Performance.  In  Principles  of  Skill  Acquisi¬ 
tion.  E.  A.  Allusi  and  I.  McD  Belodeau  (Eds.),  N.Y.  :  Academic  Press, 

1969. 

Byram,  G.  M.  The  Physical  and  Photochemical  Basis  of  Visual  Resolving 
Power.  I.  The  Distribution  of  Illumination  in  Retinal  Images.  Journal 
Optical  Society  of  America,  1944.  ^4,  571"59l- 

Geldard,  F.  The  Human  Senses.  N.Y. :  John  Wiley  and  Sons,  Inc.,  1972. 

Graham,  C.  H.  Color:  Data  and  Theories.  In  Vision  and  Visual  Percep¬ 
tion.  C.  H.  Graham  (Ed.),  N.Y.:  John  .Wiley  and  Sons,  Inc . ,  I96& . 

Held,  R.,  and  Rekosh,  J.  Motor-sensory  Feedback  and  the  Geometry  of 
Visual  Space.  Science,  1963*  l4l,  722-723. 

Luria,  S.  M.,  and  Kinney,  J.  A.  S.  Peripheral  Cues  in  Underwater  Vision. 
American  Journal  of  Psychology,  1968,  8l,  359“3^0. 

Torrance,  E.  P.  A  Theory  of  Leadership  and  Interpersonal  Behavior  Under 
Stress.  In  Leadership  and  Interpersonal  Behavior.  L.  Petrullo  and  B.M. 
Bass  (Eds.),  N.Y.:  Holt,  Rinehart  and  Winston,  1961. 

Wilkinson,  R.  T.  Sleep  Deprivation,  In  The  Physiology  of  Human  Survival 
0.  G.  Edholm  and  A.  Bacharach  (Eds.),  N.Y.:  Academic  Press,  1965.  ~ 

Woodward,  D.  P.,  and  Nelson,  P.  D.  A  User-Oriented  Review  of  the 
Literature  on  the  Effects  of  Sleep  Loss,  Work-rest  Schedules,  and 
Recovery  on  Performance.  Office  of  Naval  Research,  1974. 


Reproduced  From 
Best  Available  Copy 


fpL  &&CHQU 

Gk-  _ 


